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SAMPLE 

(57) Abstract 

This disclosure describes an apparatus (10) for separation and 
detection of target molecules in a liquid sample containing the target 
molecules and non-target molecules comprising at least one absorption 
area (20), a bibulous carrier (18) denning a first liquid transport path 
in fluid contact with at least one absorption area (20) including at least 
one reaction area (26, 30) upstream of the at least one absorption area 
(20) wherein the reaction area (26, 30) includes a capture reagent and 
a sample area (24) upstream of the reaction area (26, 30) wherein 
the liquid sample when applied to sample area (28) is transported by 
capillary action past the reaction area (26, 30) where at least a portion 
of the target molecules may be bound to the capture reagent to permit 
detection of the target molecules. The liquid sample is then transported 
by capillary action on to the absorption area (20). A second liquid 
transport path in fluid communication with the reaction area (26, 30) 
of the bibulous carrier (18) for transporting a washing solution applied 
to the reaction area (26, 30) to the at least one absorption area (20) 
thereby removing interfering substances from the reaction area (26, 
30)! Means are also provided for alternatively selecting between the 
first and second liquid transport path during capillary transport of the 
liquid sample. 
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APPARATUS FOR SEPARATION, CONCENTRATION AND DETECTION OF 
TARGET MOLECULES IN A LIQUID SAMPLE 

The invention relates to apparatus for separation 
concentration and detection of target molecules in a 
liquid sample. 



The use of test devices including chromotography as 
a separation, concentration and detection procedure is 
well known in the art. For example, European Patent 
Application 0 262 328 A3 describes a test strip for the 
detection of analytes such as antigens and antibodies. 
Chromatographic test devices, such as the device de- 
scribed in U.S. Patent 4,857,453 to Ullman et al, may 
also be enclosed in a housing. 

One limitation of chromotography devices such as 
those described above is that washing procedures are slow 
since the washing fluid must pass through the entire 
length of the chromatographic path. A device in which a 
washing solution is carried only over a portion of the 
chromatographic path is described in PCT Application 
WO 91/15769. 

The present invention provides an improved apparatus 
for separation, concentration and detection of target 
molecules in a liquid sample. 

There is thus provided apparatus for separation, 
concentration and detection of target molecules in a 
liquid sample containing the target molecules and non- 
target molecules comprising, at least one absorption 
area, a bibulous carrier defining a first liquid trans- 
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port path in fluid contact with the at least one absorp- 
tion area including, at least one reaction area upstream 
of the at least one absorption area wherein the reaction 
area includes a capture reagent, and a sample area up- 
stream of the reaction area wherein the liquid sample 
when applied to sample area is transported by capillary 
action past the reaction area where at least a portion of 
the target molecules may be bound to the capture reagent 
to permit detection of the target molecules and the 
liquid sample is then transported by capillary action on 
to the absorption area, a second liquid transport path in 
fluid communication with the reaction area of the bibu- 
lous carrier for transporting a washing solution ap- 
plied to the reaction area to the at least one absorption 
thereby removing interfering substances from the reaction 
area, and apparatus for alternatively selecting between 
the first and second liquid transport path during capil- 
lary transport of the liquid sample. 

In accordance with a preferred embodiment of the 
present invention the apparatus for separation concentra- 
tion and detection is enclosed in a housing. 

In accordance with a another preferred embodiment of 
the present invention the housing includes a sample port 
in fluid communication with the sample area. 

In accordance with yet another preferred embodiment 
of the present invention the housing includes a washing 
port in fluid communication with the reaction area. 

In accordance with still another preferred embodi- 
ment of the present invention the at least one absorp- 
tion area includes a first absorption area and a second 
absorption area. 

In accordance with yet another preferred embodiment 
of the present invention the second absorption area is in 
direct fluid connection with the first absorption area 
for prevention of a backflow from the first absorption 
area through bibulous carrier to the second absorption 
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area . 

In accordance with a further preferred embodiment of 
the present invention the bibulous carrier is a nitrocel- 
lulose membrane wherein the absorption sites have been 
blocked to facilitate transport of the target molecules. 

In accordance with a still further preferred embodi- 
ment of the present invention the bibulous carrier is a 
glass fiber matrix. 

In accordance with another preferred embodiment of 
the present invention the apparatus for alternatively 
selecting includes a fluid impermeable disintegratable 
partition between the bibulous carrier and the second 
absorption area. 

In accordance with yet another preferred embodiment 
of the present invention the disintegratable partition is 
disintegrated by the liquid sample. 

In accordance with still another preferred embodi- 
ment of the present invention the disintegratable parti- 
tion is disintegrated by a substance added to the liquid 
sample. 

In accordance with yet another preferred embodiment 
of the present invention the disintegratable partition is 
disintegrated by a solution applied to the sample area 
after the liquid sample is applied. 

In accordance with a further preferred embodiment of 
the present invention the disintegratable partition is 
disintegrated by a substance applied to the reaction area 
after binding of the target molecules to the reaction 
area. 

In accordance with a still further preferred embodi- 
ment of the present invention the disintegratable parti- 
tion is disintegrated over a predetermined period of 
time . 

In accordance with yet a further preferred embodi- 
ment of the present invention the disintegratable parti- 
tion is fabricated from a netting embedded in a compound 
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selected from the group including water soluble polymers , 
pH degradable substances, ionic strength degradable 
substances and enzymatically digestible substances. 

In accordance with another preferred embodiment of 
the present invention the water soluble polymers include 
water soluble polyesters. 

In accordance with yet another preferred embodiment 
of the present invention the target molecules include 
target nucleic acid sequences. 

In accordance with still another preferred embodi- 
ment of the present invention the target nucleic acid 
sequences include DNA sequences. 

In accordance with yet another preferred embodiment 
of the present invention the target nucleic acid se- 
quences include RNA sequences. 

In accordance with a further preferred embodiment of 
the present invention the target molecules include anti- 
gens. 

In accordance with still a further preferred embodi- 
ment of the present invention the target molecules in- 
clude antibodies. 

In accordance with yet a further preferred embodi- 
ment of the present invention the capture reagent com- 
prises at least one nucleic acid capture reagent includ- 
ing nucleic acid probe sequences complementary to at 
least part of the target nucleic acid sequences. 

In accordance with another preferred embodiment of 
the present invention the capture reagent comprises at 
least one antigen. 

In accordance with yet another preferred embodiment 
of the present invention the capture reagent comprises at 
least one antibody. 
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The present invention will be understood and appre- 
ciated more fully from the following detailed description 
taken in conjunction with the drawings in which: 

Pig. 1 is an exploded pictorial illustration of 
apparatus for separation concentration and detection of 
target molecules in a liquid sample constructed and 
operative in accordance with the present invention; and 

Fig. 2 is a side sectional illustration of the 
apparatus taken along the line II - II of Fig. 1. 
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Reference is now made to Figs. 1 and 2 which illus- 
trate apparatus 10 for separation, concentration and 
detection of target molecules in a liquid sample con- 
structed and operative in accordance with a preferred 
embodiment of the present invention. 

Apparatus 10 includes a housing 12 fabricated from 
an injection moldable, radiation sterilizable plastic 
such as polyethylene. The housing 12 includes a top 
member 14, and a bottom member 16 which are joined to- 
gether by any convenient means such as gluing. 

The housing typically encloses a bibulous matrix 18, 
an absorption area 20 and a disintegratable barrier 22. 
The bibulous matrix 18 when wet forms a capillary trans- 
port path in fluid communication with the absorption area 
and includes a sample area 24 upstream of a reaction area 
26 which is in fluid communication with the absorption 
area 20. 

Typically, a liquid sample of 0.1 ml to 1.0 ml in 
volume including target and non-target molecules is 
applied to the sample area 24 through a sample port 28 in 
the top member 14 of the housing 12. The liquid sample is 
then carried along a first transport path in the bibulous 
matrix 18 by capillary action from the sample area 24 to 
the reaction area 26 where the target molecules may be 
captured by a capture reagent for later detection. 

The capture reagent is typically an antibody to the 
target molecule or a DNA or RNA sequence complementary to 
at least a portion of the target molecule. Detection is 
typically accomplished by a colorimetric reaction in the 
reaction area 26 between a detection reagent and the 
captured target molecules. 

From the reaction area 26 the liquid sample is 
typically carried along the first transport path to the 
absorption area 20 by capillary action. A portion 31 of 



WO 95/17676 



PCT/EP94/04232 



7 

the absorption area 20 typically abuts a lower surface 
of the bibulous matrix 18 downstream of the reaction area 
26 to maximize capillary flow forces in the bibulous 
matrix 18. 

The bibulous matrix 18 and the absorption area 20 
are typically fixed to the top member 14 by a pressure 
sensitive, low soak in adhesive such as depositable 
adhesive, I.D. No. 62-9985-4830-4, 3M Industrial Special- 
ties Div., St. Paul MN, USA. 

The . disintegratable barrier 22 is typically dis- 
posed between the first flow path and the absorption 
area 20 upstream of portion 31. The disintegratable 
barrier 22 typically abuts and separates the absorption 
area 20 from the bibulous matrix 18 from a point down- 
stream of the sample port 28 to part of the absorption 
area 20 downstream of reaction area 26 and upstream of 
portion 31 of the absorption area 20. The disintegratable 
barrier 22 typically extends laterally beyond the bibu- 
lous matrix 18 and the absorption area 20 and is typi- 
cally fixed to the top member 14 by a pressure sensitive, 
low soak in adhesive in the areas not covered by the > 
bibulous matrix 18 or the absorption area 20. The lateral 
extension of the disintegratable barrier 22 beyond the 
absorption area 20 blocks direct fluid contact between 
the bibulous matrix 18 and the absorption area 20 except 
at portion 31, until the disintegratable barrier 22 is 
disintegrated. 

When the disintegratable barrier 22 is disintegrated 
a second transport path is established for capillary 
transport between the reaction area 26 and the absorption 
area 20 through the bibulous matrix 18. This second 
transport path can be employed to wash interfering com- 
pounds from the reaction area: 26 by applying a washing 
solution to the reaction area 26 through wash port 30 in 
top member 14 . 

The disintegratable barrier 22 may be typically 
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fabricated from compounds embedded on a netting platform 
of plastic polymeric material. These compounds typi- 
cally include water soluble polymers such as the polyes- 
ters lactic acid and glycolic acid copolymers , pH and/or 
ionic strength degradable substances such as poly-hy- 
droxymethylacrylate and carbopol and enzymatically 
digestible substrates such as gelatin which may be di- 
gested by gelatinase. 

The absorption area 20 is typically fitted into a 
well 32 in bottom member 16. The absorption area 20 is 
typically fabricated to absorb all of the liquid to be 
added to apparatus 10 during use in an assay procedure. 

The procedure used for the separation, concentration 
and detection of target molecules using apparatus 10 
typically includes applying 0.05 ml to 0.5 ml of a sample 
fluid to the sample area 24 of the bibulous matrix 18 
through sample port 28. A wash fluid may subsequently be 
applied to the sample area 24 when the sample fluid 
volume is insufficient for efficient capillary transport 
of the sample liquid to the reaction area 26. Either the 
sample fluid or the wash fluid may contain a compound 
which disintegrates the disintegratable barrier 22. 

Capillary and chromatographic forces within the 
bibulous matrix 18 draw the fluid portion of the sample 
along the first transport path from the sample area 24 
toward the reaction area 26 and on to the absorption area 
20. As the fluid migrates through the reaction area 26 , 
target molecules in the sample fluid react and bind with 
a specific complementary capture reagent such as an 
immuno-reagent, a chemical test or a nucleic acid se- 
quence reagents, which has been immobilized to the reac- 
tion area 26 . 

The absorptive capacity of portion 31 and contact 
between the absorption area 20 and the bibulous matrix 18 
at portion 31 prevents a counter flow of fluid along the 
first transport path from the absorption area 20 back to 
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the reaction area 26 if the bibulous matrix 18 is over- 
loaded* Thus any excess fluid applied to the bibulous 
matrix 18 or the absorption area 20 will flow into the 
portion 31 rather than counter flow. 

As the fluids are transported in the bibulous matrix 
18 along the first transport path, the disintegrative 
compound contained in either the sample or wash fluid 
start to cleave the disintegratable barrier 22 which 
separates the bibulous matrix 18 and the absorption area 
20. The time elapsed from the application of the disinte- 
grative compound to disintegration of the disintegratable 
barrier 22 may typically range from 0.5 to 45 minutes 
depending on the composition of the disintegratable 
barrier. 

After capillary transport of the fluids applied to 
the sample area 24 is completed a suitable volume of wash 
fluid, typically 0.1 ml to 1.5 ml, may be applied direct- 
ly to the reaction area 26 through the reaction port 30. 
Typically, the wash fluid applied to the reaction area 26 
completes the cleavage of the disintegratable barrier 22 
thereby establishing the second transport path through, 
the bibulous matrix 18 between the reaction area 26 and 
the absorption area 20. This second flow path permits the 
rapid and efficient washing of the reaction area 26 to 
remove any unreacted sample molecules or other compounds 
which may interfere with subsequent steps. The wash fluid 
applied directly to the reaction area 26 may, however, 
alternatively contain the disintegrative compound. 

After washing of the reaction area 26 an iramuno- 
reagent, or chemical test reagent complementary to the 
target molecules conjugated with an enzyme or other 
suitable tracer, is applied directly to the reaction area 
26 through reaction port 30. Most of the unbound irarauno- 
reagent conjugate or chemical test reagent is then washed 
but of the reaction area 26 into the absorption area 20 
along the second flow path by application of a washing 
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fluid to the reaction area 26. If the tracer is an enzyme 
requiring a substrate to develop color, a volume of this 
substrate or chromogen is applied to the reaction area 26 
through reaction port 30 immediately after washing of 
unbound reagent. 

Reference is now made to the following examples 
which, together with Pigs. 1 and 2 illustrate the inven- 
tion. 

EXAMPLE 1 
DETECTION OF HIV 

Synthetic HIV - 1 (gp - 41, gp -120) antigen pep- 
tides was immobilized on the reaction zone of a glass 
fiber matrix. Approximately 300 microliters of pre-dilut- 
ed blood serum was applied to the sample area 28 of 
apparatus 10. This was followed by application to the 
sample area 28 of 150 microliters of a wash solution 
consisting of 1 % gelatin and 0.3 % tween-20 in a phos- 
phate buffered saline. 

Immediately after the transport of fluids to the 
reaction areas 30 as indicated by the wetting of the 
reaction area 30 and the disappearance of liquid from the 
sample area 28,-300 microliters of an affinity purified 
rabbit anti-human IgG, conjugated to alkaline phospha- 
tase, diluted in a conjugate solution of greater viscosi- 
ty comprising a phosphate buffered saline solution in- 
cluding 1% gelatin, 1% fetal calf serum, 0.05% tween 20, 
1% PVP 700,000 and 0.5% thimerosal, was directly applied 
to the wetted reaction zone. Unreacted enzyme conjugate 
was washed out of the reaction area 30 by applying 500 
microliters of wash solution to the reaction area 30. 
Finally, 100 microliters of a substrate chromogen 
BCIP/NBT was applied to the reaction area 30. Appearance 
of a colored product at the reaction zone provided evi- 
dence of enzyme activity indicative of antibody to HIV -1 
present in the sample. 
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EXAMPLE 2 
DETECTION OF HIV-1 

Recombinant HIV - 1 (gp - 41) antigen was immobi- 
lized on the reaction zone of a glass fiber matrix. After 
immobilization of the antigen, the reaction zone was 
blocked by adding 150 ml of matrix blocker comprising a 
phosphate buffered saline solution including 1% gelatin, 
1% fetal calf serum, 0*05% tween 20, 1% PVP 700,000 and 
0.05% thiraerosal, to the reaction zone area. The matrix 
blocker migrated by capillary forces and wetted almost 
the whole glass fiber matrix. 

Approximately 300 microliters of pre-diluted blood 
serum was applied to the sample area 28 of apparatus 10. 
This was followed by application to the sample area 28 of 
150 microliters of a wash solution consisting of 1 % 
gelatin, 0.05% thimerosal and 0.3 % tween-20 in a phosr- 
phate buffered saline. 

After the transport of fluids to the reaction areas 
30 as indicated by the wetting of the reaction area 30 
and the disappearance of liquid from the sample area 28/ 
300 microliters of an affinity purified rabbit anti-human 
IgG, conjugated to alkaline phosphatase, diluted in a 
conjugate solution of greater viscosity comprising a 
phosphate buffered saline solution including 1% gelatin, 
1% fetal calf serum, 0.05% tween 20, 1% PVP 700,000 and 
0«.5% thimerosal, was directly applied to the wetted 
reaction zone. Unreacted enzyme conjugate was washed out 
of the reaction area 30 by applying 600 microliters of 
wash solution to the reaction area 30. Finally, 300 
microliters of a substrate chromogen BCIP/NBT was ap- 
plied to the reaction area 30. Appearance of a colored 
product at the reaction zone provided evidence of enzyme 
activity indicative of antibody to HIV -1 present in the 
sample . 
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EXAMPLE 2 
DETECTION OF HIV-1 IN SALIVA 

Synthetic HIV - 1 (gp - 41, gp - 120) antigen 
peptides was immobilized on the reaction zone of a glass 
fiber matrix. After immobilization of the antigen, the 
reaction zone was blocked by adding 150 ul of matrix 
blocker comprising a phosphate buffered saline solution 
including 1% gelatin, 1% fetal calf serum, 0.05% tween 
20, 1% PVP 700,000 and 0.5% thimerosal, to the reaction 
zone area. The matrix blocker migrated by capillary 
forces and wetted almost the whole glass fiber matrix. 

Approximately 200 microliters of pre-treated saliva 
was then applied to the sample area 28 of apparatus 10. 
The saliva was pretreated "according to the user manual of 
Orani-Sal* 111 , Saliva Diagnostic Systems Inc., Trantdale, 
OR, USA. 

Immediately after the transport of fluids to the 
reaction areas 30 as indicated by the wetting of the 
reaction area 30 and the disappearance of liquid from the 
sample area 28, approximately 200 microliters of an 
affinity purified rabbit anti-human IgG, conjugated to 
Carbon Sol particles, Holland Biotechnology Co., Leiden, 
the Netherlands, diluted in a conjugate solution of 
greater viscosity comprising a phosphate buffered saline 
solution including 1% gelatin, 1% fetal calf serum, 0.05% 
tween 20, 1% PVP 700,000 and 0.5% thimerosal, was direct- 
ly applied to the wetted reaction zone. Unreacted conju- 
gate was washed out of the reaction area 30 by three 
applications of 500 microliters of wash solution to the 
reaction area 30. Appearance of a colored spot at the 
reaction zone provided evidence indicative of antibody to 
HIV -1 present in the sample. 
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EXAMPLE 4. 
DETECTION OF HELICOBACTER PYLORI 

Helicobacter Pylori antigen was immobilized on the 
reaction zone of a glass fiber matrix. After immobiliza- 
tion of the antigen, the reaction zone was blocked by 
adding 150 ul of matrix blocker comprising a phosphate 
buffered saline solution including 1% gelatin, 1% fetal 
calf serum, 0-05% tween 20, 1% PVP 700,000 and 0.5% 
thimerosal, to the reaction zone area. The matrix blocker 
migrated by capillary forces and wetted almost the whole 
glass fiber matrix. 

Approximately 300 microliters of blood serum pre- 
diluted in a running solution of 1 % gelatin, 0.05% 
thimerosal and 0.3 % tween-20 in a phosphate buffered 
saline was applied to the sample area 28 of apparatus 10. 

Immediately after the transport of fluids to the 
reaction areas 30 as indicated by the wetting of the 
reaction area 30 and the disappearance of liquid from the 
sample area 28, 300 microliters of an affinity purified 
rabbit anti-human IgG, conjugated to alkaline phospha- 
tase, diluted in a conjugate solution of greater viscosi- 
ty comprising a phosphate buffered saline solution in- 
cluding 1% gelatin, 1% fetal calf serum, 0.05% tween 20, 
1% PVP 700,000 and 0.5% thimerosal, was directly applied 
to the wetted reaction zone. Unreacted enzyme conjugate 
was washed out of the reaction area 30 by applying 600 
microliters of wash solution to the reaction area 30. 
Finally, 300 microliters of a substrate chromogen 
BCIP/NBT was applied to the reaction area 30. Appearance 
of a colored product at the reaction zone provided evi- 
dence of enzyme activity indicative of antibody to Heli- 
cobacter Pylori present in the sample. 
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EXAMPLE 5 
DETECTION OF H£V 

NS-4a-peptide, NS-3 recombinant protein and the core 
structural peptide of the HCV antigen were immobilized on 
the reaction zone of a glass fiber matrix. After immobi- 
lization of the antigen, the reaction zone was blocked by 
adding 150 ul of matrix blocker comprising a phosphate 
buffered saline solution including 1% gelatin, 1% fetal 
calf serum, 0.05% tween 20, 1% PVP 700,000 and 0.5% 
thimerosal, to the reaction zone area. The matrix blocker 
migrated by capillary forces and wetted almost the whole 
glass fiber matrix. 

Approximately 300 microliters of blood serum pre- 
diluted in a running solution of 1 % gelatin, 0.05% 
thimerosal and 0.3 % tween-20 in a phosphate . buffered 
saline was applied to the sample area 28 of apparatus 10. 

Immediately after the transport of fluids to the 
reaction areas 30 as indicated by the wetting of the 
reaction area 30 and the disappearance of liquid from the 
sample area 28, 300 microliters of an affinity purified 
rabbit anti-human IgG, conjugated to alkaline phospha- 
tase, diluted in a conjugate solution of greater viscosi- 
ty comprising a phosphate buffered saline solution in- 
cluding 1% gelatin, 1% fetal calf serum, 0.05% tween 20, 
1% PVP 700,000 and 0.5% thimerosal, was directly applied 
to the wetted reaction zone. Unreacted enzyme conjugate 
was washed out of the reaction area 30 by applying 6 00 
microliters of wash solution to the reaction area 30. 
Finally, 300 microliters of a substrate chromogen 
BCIP/NBT was applied to the reaction area 30. Appearance 
of a colored product at the reaction zone provided evi- 
dence of enzyme activity indicative of antibody to HCV 
present in the sample. 



WO 95/17676 



PCT/EP94/04232 



15 

EXAMPLE £ 
DETECTION OF HB C ANTIGEN 

A mixture of two different monoclonal anti HB g 
antibodies in a phosphate buffered saline solution in- 
cluding 0.005% bovine serum albumin and 2% trehalose were 
immobilized on the reaction zone of a glass fiber matrix. 
After immobilization of the antigen, the reaction zone 
was blocked by adding 150 ul of matrix blocker comprising 
a phosphate buffered saline solution including 2% bovine 
serum and 1% PVP 700,000, to the sample area 28. 
The matrix blocker migrated by capillary forces and 
wetted almost the whole glass fiber matrix. 

Approximately 200 microliters of blood serum pre- 
diluted in a phosphate buffered saline reaction solution 
of greater viscosity consisting of 35% serum sample, 0.5% 
PVP 700000, 1.0% fetal calf serum, 0.002% horse serum, 
4.0% dextran sulfate, 0.04% tween 20 and precalibrated 
volumes of biotinylated monoclonal anti HB S antibodies 
and strepavadin APL conjugate was then directly applied 
to the sample area 28 of apparatus 10. 

Immediately after the transport of fluids to the 
reaction area 30 as indicated by the wetting of the 
reaction area 30 and the disappearance of liquid from the 
sample area 28 unreacted enzyme conjugate was washed out 
of the reaction area 30 by four applications of 500 
microliters of wash solution to the reaction area 30. 
Finally, 200 microliters of a substrate chromogen 
BCIP/NBT was applied to the reaction area 30. Appearance 
of a colored product at the reaction zone provided evi- 
dence of enzyme activity indicative of HB S antigen 
present in the sample. 
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EXAMPLE 2 
DETECTION OF HPV BY HYBRIDIZATION 

HPV specific oligonucleotides (GTTTCAGGACCCACAGGAGO 
GACCC) was immobilized on the reaction zone of a glass 
fiber matrix, DNA from Caski cells^ was extracted and 
labeled through sulfonation according to the protocol of 
Hybricomb tm , Orgenics Ltd., Yavne, Israel. The labeled 
DNA was then diluted 1:10 in a hybridization solution 
composed of 0.6 M NaCI, 20mM phosphate buffer, pH 7.5, 
0.02% Ficoll, 0.02% gelatin, 0.1% tween 20 and 20.0% 
glycerol. 

The sample was then boiled for 20 minutes and then 
immediately chilled on ice. 200 ul of the solution was 
applied to 

the sample area 28 of apparatus 10. After the transport 
of all the hybridization solution, 100 ul of an affinity 
purified mouse anti sulfonated DNA conjugated to alka- 
line-phosphatase diluted in a phosphate buffered saline 
solution including 1% gelatin and 0.1% tween was then 
applied to the reaction area 30. 

Unreacted enzyme conjugate was washed out of the 
reaction area 30 by applying 500 microliters of a phos- 
phate buffered saline wash solution including 0.5% tween 
to the reaction area 30. Finally, 100 microliters of a 
substrate chromogen BCIP/NBT was applied to the reaction 
area 30. Appearance of a colored product at the reaction 
zone provided evidence of enzyme activity indicative 
specific HPV-16 sequences present in the sample. 

It will be appreciated by persons skilled in the art 
that the present invention is not limited to what has 
been particularly shown and described herein above. 
Rather the scope of the present invention is defined only 
by the claims which follow: 
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CLAIMS 

1. Apparatus for separation, concentration and detec- 
tion of target molecules in a liquid sample containing 
the target molecules and non-target molecules comprising: 

at least one absorption area; 

a bibulous carrier defining a first liquid trans- 
port path in fluid contact with the at least one absorp- 
tion area including: 

at least one reaction area upstream of the at 
least one absorption area wherein the reaction area 
includes a capture reagent; and 

a sample area upstream of the reaction area 
wherein the liquid sample when applied to sample area is 
transported by capillary action past the reaction area 
where at least a portion of the target molecules may be 
bound to the capture reagent to permit detection of the 
target molecules and the liquid sample is then transport- 
ed by capillary action on to the absorption area; 

a second liquid transport path in fluid communica- 
tion with the reaction area of the bibulous carrier for 
transporting a washing solution applied to the reaction 
area to the at least one absorption area thereby removing 
interfering substances from the reaction area; and 

means for alternatively selecting between the first 
and second liquid transport path during capillary trans- 
port of the liquid sample* 

2. Apparatus according to claim 1 wherein the apparatus 
for separation concentration and detection is enclosed in 
a housing, 

3. Apparatus according to claim 2 wherein the housing 
includes a sample port in fluid communication with the 
sample area. 
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4. Apparatus according to claim 2 wherein the housing 
includes a washing port in fluid communication with the 
reaction area* 

5. Apparatus according to claim 1 wherein the at least 
one absorption area includes a first absorption area and 
a second absorption area. 

6. Apparatus according to claim 5 wherein the second 
absorption area is in direct fluid connection with the 
first absorption area for prevention of a backflow from 
the first absorption area through bibulous carrier to the 
second absorption area. 

7. Apparatus according to claim 1 wherein the bibulous 
carrier is a nitrocellulose membrane wherein the absorp- 
tion sites have been blocked to facilitate transport of 
the target molecules. 

8. Apparatus according to claim 1 wherein the bibulous 
carrier is a glass fiber matrix. 

9. Apparatus according to claim 1 wherein the means for 
alternatively selecting includes a fluid impermeable 
disintegra table partition between the bibulous carrier 
and the second absorption area. 

10. Apparatus according to claim 9 wherein the disinte- 
gratable partition is disintegrated by the liquid sample. 

11. Apparatus according to claim 9 wherein the disinte- 
gratable partition is disintegrated by a substance added 
to the liquid sample. 

12. Apparatus according to claim 9 wherein the disinte- 
gratable partition is disintegrated by a solution applied 
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to the sample area after the liquid sample is applied. 

13. Apparatus according to claim 9 wherein the disinte- 
gratable partition is disintegrated by a substance ap- 
plied to the reaction area after binding of the target 
molecules to the reaction area. 

14. Apparatus according to claim 9 wherein the disinte- 
gratable partition is disintegrated over a predetermined 
period of time. 

15. Apparatus according to claim 9 wherein the disinte- 
gratable partition is fabricated from a netting embedded 
in a compound selected from the group including water 
soluble polymers, pH degradable substances, ionic 
strength degradable substances and enzymatically digesti- 
ble substances. 

16. Apparatus according to claim 15 wherein the water 
soluble polymers include water soluble polyesters. 

17. Apparatus according to claim 1 wherein the target 
molecules include target nucleic acid sequences. 

18. Apparatus according to claim 17 wherein the target 
nucleic acid sequences include DNA sequences. 

19. Apparatus according to claim 17 wherein the target 
nucleic acid sequences include RNA sequences. 

20. Apparatus according to claim 1 wherein the target 
molecules include antigens. 



21. Apparatus according to claim 1 wherein the target 
molecules include antibodies. 
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22. Apparatus according to claim 17 wherein the capture 
reagent comprises at least one nucleic acid capture 
reagent including nucleic acid probe sequences complemen- 
tary to at least part of the target nucleic acid se- 
quences. 

23. Apparatus according to claim 1 wherein the capture 
reagent comprises at least one antigen. 

24. Apparatus according to claim 1 wherein the capture 
reagent comprises at least one antibody. 



WO 95/17676 



PCT/EP94/04232 




WO 95/17676 



PCT/EP94/04232 



2/2 




INTERNATIONAL SEARCH REPORT 



^'CT/EP 94/04232 



A. CLASSIFICATION OF SUBJECT MATTER 

G 01 N 33/558, C 12 Q 1/68 

According to International Patent CUgjfieajion (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (dasificatioa system followed by classification symbols) 

G 01 N.C 12 Q 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO, A, 93/07 292 

(ORGENICS INTERNATIONAL 
HOLDINGS B.V.) 15 April 1993 

(15.04.93) , 

the whole document, 

especially claims. 

WO, A, 91/15 769 

(DISEASE DETECTION 

INTERNATIONAL) 

17 October 1991 (17.10.91), 

abstract; claims; figs.. 

EP, A, 0 306 336 

(SYNTEX (U.S.A.) INC.) 
08 March 1989 (08.03.89), 
abstract; claims; figs.. 

US, A, 4 857 453 



1,17- 
19,22 



1,20, 

21,23, 

24 



1,20, 
21, 23 , 
24 



1,20, 



0 



Further documents are listed in die continuation of box C. 



□ 



Patent family members arc listed in annex. 



" Special categories of cited documents : 

"A" document defining die general state of the art which is not 
considered to be of particular relevance 

'E° earlier document but published on or after the international 
fil ing date 

'L* document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

*X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance; the d aimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the arc 

'&.' document member of the same patent family 



Date of the actual completion of the international search 

09 March 199 5 



Date of mailing of the international search report 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patendaan 2 
NL - 22*0 HV Rjjswijk 
Td. ( + 31-70) 340-2040, Tx. 31 651 cpo nl. 
Fax: (+31-70) 34O-30I6 



Authorized officer 

SCHNASS e.h. 



Form PCT/IS A/210 (trans that) (July 1991) 



•2- 



INTERNATIONAL SEARCH REPORT 



PCT/EP 94/04232 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 



Citation of document, wiih indication, where ap prop n ate, of the relevant paoages 



Relevant to claim No. 



EP, 



(ULLMAN et al.) 

15 August 1989 (15.08.89), 

abstract; claims; figs.. 

A, 0 323 605 
(ABBOTT LABORATORIES) 
12 July 1989 (12.07.89), 
abstract; claims; figs.. 



EP, A, 0 306 772 

(ABBOTT LABORATORIES) 

15 March 1989 (15.03.89), 

abstract; claims; figs.. 



21,23, 
24 



1,20, 
21, 23, 
24 



1,20, 
21, 23. 
24 



Form PCT/IS A/310 (oontiauatioo of second sheet) (July 1993) 



^nm^ncb 

zura internationalen Recherchen- 
bericht Gber die Internationale 
Patentannieldung Nr. 



ANNEX 

to the International Search 
Report to the International Patent 
Application No. 

PCT/EP 94/04232 SAE 102312 



annexe: 

au raoport de recherche inter- 
national reiatif i la denande de brevet 
international n fl 



In dieseffl Anhang sind die Mitglieder 
der Patentfaailien der io oberiae- 
nannten internationalen Recherchenbericht 
anaefuhrten Patentdokunente anaeqeben. 
Oiese Anaaben dienen nur zur Uriter- 
richtung"und erfolgen ohne Gewahr. 



This Annex lists the patent faoily 
mecbers relatino to the patent documents 
cited in the above-mentioned inter- 
national search report. The Office is 
in no way liable for these particulars 
which are qiven merely for the purpose 
of inforaafion. 



La pr£sente annexe indioue. les 
cieffibres de la fa/nil le de brevets 
relatifs aux documents de brevets cit£s 
dans le rapport de recherche inter- 
national viste ci-dessus. Les reseione- 
loents fournis sont donnas A titre indica- 
tif et n'engagent pas la responsibility 
de TOffice. 



Im Recherchenbericht 
angefuhrtes Paten tdokuoent 
Patent document cited 
in search report 
Document de brevet cit£ 
dans le rapport de recherche 



Datum der 
Veroffentlichung 
Publication 
date 
Date de 
publication 



MitQlied(er) der 
Pafentfamilie 
Patent family 
oefiber(s) 
Membre(s) de la 
f ami lie de brevets 



Datufi der 
Veroffentlichung 
Publication 

date 
Date de 
publication 



wo 


Al 


9307292 


15-04-93 


AU 


Al 


27894/92 


03-05-93 




EP 


Al 


612354 


31-08-94 










IL 


AO 


102486 


1 4-0 1 -93 










IL 


AO 


99647 


18-08-92 


wo 


Al 


91 15769 


17-10-91 


AU 


Al 


76722/91 


30-10-91 



EP A2 



306336 



08-03-39 



CA Al 
DE CO 
DE T2 
EP A3 
EP Bl 
ES T3 
JP A2 
US A 



1333046 
3887941 
3S87941 
306336 
306336 
2051303 
1072066 
4981786 



15- 1 1-94 
31-03-94 
01-09-94 
07-11-90 
23-02-94 

16- 06-94 
16-03-89 
01-01-91 



US A 


4857453 


15-08-89 


AU 


Al 


14305/88 


13-10-88 




AU 


B2 


625170 


02-07-92 








CA 


Al 


1303491 
3851772 


16-06-92 








DE 


CO 


17-1 1-94 








DK 


AO 


1862/88 


06-04-88 








DK 


A 


1862/Sa 


C8- 10-88 








EP 


A2 


286371 


12-10-88 








EP 


A3 


286371 


07-03-90 








EP 


A3 


286371 


07-1 1-90 








EP 


Bl 


286371 


12-10-94 








ES 


T3 


2065334 
85997 


16-02-95 








IL 


AO 


30-09-88 








IL 


Al 


85997 
63269056 


21-06-92 








JP 


A2 


07-11-88 








NO 


AO 


381480 


06-04-88 








NO 


A 


881480 


10-10-83 








US 


A 


5137808 


11-08-92 



EP m2 323605 



12-07-89 



AT E 
AU Al 
AU B2 
CA A 1 
CN A 
DE CO 
DE T2 
EP A3 
EP Bl 
ES T3 
JP A2 



100937 
27095/88 

619231 
1312544 
1 036078 
3387491 
3887491 

323605 

323605 
2050697 
1244370 



15-02-94 
29-06-89 
2.N-01-92 
12-01-93 
04-10-89 
10-03-94 
07-07-94 
09-06-89 
26-01-94 
01-06-94 
28-09-89 



EP Al 


306772 


15-03-89 


AT 


E 


86746 


15-03-93 




AU 


Al 


21753/88 


16-03-89 








AU 


B2 


619480 


30-01-92 








DE 


CO 


3879048 


15-04-93 








DE 


T2 


3879048 


02-09-93 
10-03-93 








EP 


Bl 


306772 
2039533 
1113662 








ES 


T3 


01- 10-93 

02- 05-89 








JP 


A2 








JP 


B4 


6027738 


13-04-94 








US 


A 


4956302 


11-09-90 



